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核壳结构 Cu 纳米丝、Cu@G 纳米丝网络透明欧姆电极的 LED、GaN 纳米柱阵
列的 MOCVD 自催化合成三个方面进行了研究，并取得了重要的进展： 
一、实现了石墨烯 3D 包裹的核壳结构 Cu 纳米丝的制作。采用液相法合成
出拥有超高长径比的 Cu 纳米丝并利用压印技术和真空退火技术制作了 Cu 纳米
丝透明电极，其光电性能良好。接着通过调节生长温度气体流量以及采用液态
苯环碳源等方法，研究了石墨烯在铜箔上的低温生长，在不同温度下（1000 ºC-
400 ºC）成功地在 Cu 箔上生长出二维石墨烯。通过铜箔胶囊和石英磁力操纵杆
装置，解决了 Cu 纳米丝在高温下的熔化问题，并成功将石墨烯碳膜直接以 3D
形态紧密地包裹于 Cu 纳米丝网络，形成一种复合性的核壳结构新材料。这种
Cu@G 纳米丝透明电极从深紫外到近红外（200～3000 nm）波段都具有平稳的




二、实现了 Cu@G 纳米丝网络透明欧姆电极的完整 LED 制作，并成功点
亮芯片。首先，利用自主研制的真空抽滤系统和压印技术以及真空退火技术，
成功获得晶片级（2”）大面积的 Cu@G 纳米丝透明电极，并且实现了其在
PET、硅胶等柔性衬底上的制作。继而，研究了 Cu 纳米丝和 Cu@G 纳米丝电
















压印技术完成了图形化 Cu@G 纳米丝透明电极的制作，并制成完整的 LED 芯
片，其光电性能优良，发出明亮蓝光，具备较好的发光强度和透光性，证明了
Cu@G 纳米丝透明电极在实际光电子器件上的强大应用能力和开发潜力。 
三、研究了 GaN 纳米柱阵列的自金属催化合成工艺和 InN/GaN 核壳结构纳




方形态 GaN 纳米柱阵列，其拥有较好的晶体质量和光学特性，在紫外（330 
nm）和红光（650 nm）同时出现的两个尖锐的发光峰，为未来的双色发光、探
测器件提供了新的材料基础。其次，利用第一性原理模拟方法研究了 GaN 纳米
柱的非极性 m 面侧壁的 InN 壳层生长动力学机制。计算结果表明，InN 需要克
服很高的结合能阻碍才能在 GaN 纳米柱表面生长，在 GaN 侧壁引入 In 浸润层
的方法能够有效降低结合能势垒，形成平整的 In 浸润层。此外在 In 浸润层氮
化的过程，观察到有趣的 N 原子反常遂穿效应，N 原子能够在无其他外力作用






























Although optoelectronic devices have been applied in a large variety of modern 
products such as flat-panel TVs, electronic reader, smart-phones, touch screen, solar 
cell and light emitting diode (LED), several critical problems remain unsolved and 
restrict the further development due to the limitation by traditional techniques. In the 
main structure of optoelectronic devices, electrode plays the important role for 
achieving efficient current injection and transport. For the purpose of avoiding light 
blocking by traditional metal electrode pad, transparent electrodes (TEs) and related 
advanced materials become the cutting-edge issue and attract extensive concentrations. 
On the other hand, the heteroepitaxy on mismatching substrate seriously affects the 
crystal quality of epitaxial materials. Hence, the synthesis 3D nanostructured 
materials as well as the fabrication of nano-devices open up a new prospect. Therefore, 
our work in this thesis aimed to directly grow graphene 3D-coated core-shell Cu 
nanosilks (NSs), fabricate LED by using transparent ohmic electrode with Cu@G 
nanosilk network, and synthesize GaN nanorod array by self-metal-catalyst method. 
Important results on these issue have been achieved: 
Firstly, direct growth of graphene 3D-coated core-shell Cu NSs. Solution method 
is empolyed to synthesis ultrathin and high aspect ratio Cu NSs by using catalyst of 
Ni ions, then imprinting and vacuum annealing techniques are applied to fabricate Cu 
nanosilk transparent conductive film. Growth of graphene on copper foil at lower 
growth temperature is studied by modulating the gas flow and introducing liquid 
toluene as precursor. As a result, grapheme monolayer was achieved on Cu foil at 
different temperatures (1000 ºC ~ 400 ºC). In order to improve the melting point of 
Cu NSs, copper capsulation and quartz magnetic manipulator was proposed to 
produce a higher Cu vapor pressure on Cu NS samples. Finnaly, the graphene shell 
layer was tightly coated in 3D form on the Cu NS network by CVD method, forming 
a core-shell structure composite. This Cu@G NS TE has a steadily high transmittance 
from deep ultraviolet to near infrared (200～3000 nm) and lower resistance of 33 
Ω/sq at 95% transmittance，exceeding that of pure Cu NS TE (51 Ω/sq @ 93%). This 
performance has already been superior to that of traditional ITO. Most importantly, 
the Cu@G NS TE possesses the robust antioxidant ability and electrical stability 














Secondly, fabrication of Cu@G NS TE based blue light LED. Ohmic contact has 
been achieved to GaN conducting layers and the LED chip is successfully lit by 
electrical drive. By using vacuum suction technique, wafer-scale (2”) Cu@G NS TE 
film and flexible TE on PET or silicone was achieved after imprint and vacuum 
annealing at 200 ºC. Cu NS TE & Cu@G NS TE both showed the Ohmic type 
contact with n- and p-GaN, respectively. By APSYS simulation, the contact of Cu 
NSs with LED structure reveals that the point contact between p-GaN and Cu NSs 
lead to high current injection by point discharge effect, which could effectively 
overcome the contact barrier and form Ohmic contact. Finally, the complete LED 
chip using Cu@G NS TE was fabricated by lithography and imprinting techniques. 
The chip was lit at a threshold voltage of ~2 V and shows bright blue light. The 
excellent luminous intensity and high transmittance proves the Cu@G NS TE of 
promising potential in device applications.  
Thirdly, growth of GaN nanorod array by self-metal catalytic method and 
formation of InN/GaN core-shell nanorod. In MOCVD system, continuous and pulse 
mode were systematically studied for the GaN nanorod growth though self-metal-
catalyst scheme. It was found that short pulse and superposition of V-III sources under 
pulse mode could enhance the Ga mobility and promote the nanorods’ vertical growth. 
As a result, hexagonal GaN nanorod array was achieved uniformly on (0001) sapphire 
substrate in high crystal quality. Cathodoluminescence shows two main peaks at 
ultraviolet (330 nm) and red (650 nm) band, indicating a new application in double 
color devices. On the other hand, dynamics and kinetics of the formation of InN shell 
layer on the nonpolar m surface of GaN nanorod was studied by using first-principles 
method. It was found that the InN layer needs to overcome a higher energetic barrier 
in bonding to the GaN nanorod sidewall surfaces, however, introduction of In wetting 
layer could effectively lower the cohesive energy and form flat In infiltration layer. 
During the nitridation process, an interesting phenomenon of N atom extraordinary 
tunneling was revealed, which could pull out the In atoms and then tunnel through to 
form the stable InN shell layer in the absence of any exteral force. This extraordinary 
tunneling could provide a lower energy route for those misfit coating heterostructures 
in nanostructured materials.  
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电子集成电路中的广阔应用，于是人们开始研究 III-V 族和 II-VI 族的直接带隙
半导体材料。 





























































GaAs 电池的普及，更多的应用在太空太阳能电池领域。而同样是 III-V 族化合
物半导体，高 In 组分的 InxGa1-xN 合金在拥有上述优点的同时，硬度上却大为
提高，而且具有从 0.7eV 到 3.4eV 的连续可调的直接带隙结构，是实现全光谱
太阳能电池的理想材料。此外，InGaN 纳米柱结构在近年来取得了突破性的成
果，加快了其在核壳结构太阳能电池方向的发展，展现了其在高效太阳能电池
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